Background-Mild elevations of cardiac troponin are frequent after percutaneous coronary intervention (PCI). Their prognostic value is uncertain in the absence of changes in creatine kinase-MB (CK-MB). Methods and Results-We evaluated the relation between isolated elevations of cardiac troponin I (cTnI) and all-cause mortality. We studied 3494 consecutive patients who underwent PCI in 16 Italian tertiary cardiology centers. CK-MB and cTnI were analyzed in a central laboratory. Duration of follow-up was 2 years. The present analysis was restricted to 2362 patients with normal CK-MB and cTnI values at baseline and no CK-MB elevation after PCI. A rise in cTnI after PCI Ͼ0.15 ng/mL, the upper reference limit, was found in 932 patients (39.4%). A rise Ͼ0.45 ng/mL (Ͼ3ϫupper reference limit) was found in 467 patients (19.7%). Compared with patients with normal cTnI, those with cTnI elevation Ͼ0.15 ng/mL showed a slightly increased mortality (3.8% versus 2.6%; hazard ratio, 1.53; 95% confidence interval, 0.97 to 2.42; Pϭ0.069). A cTnI elevation Ͼ0.45 ng/mL was associated with a higher risk of mortality (4.5% versus 2.7%; hazard ratio, 1.68; 95% confidence interval, 1.01 to 2.80; Pϭ0.044), which, however, did not remain significant after adjustment for concomitant risk factors (hazard ratio, 1.45; 95% confidence interval, 0.86 to 2.46; Pϭ0.162).
P ostprocedural elevations of creatine kinase-MB (CK-MB) or cardiac troponin levels occur in 5% to 50% of patients undergoing percutaneous coronary interventions (PCI). 1 Whereas the adverse prognostic association of CK-MB elevations is well established, 2-7 the impact on long-term outcome of isolated elevations in cardiac troponin, not associated with a concomitant rise in CK-MB, is less well defined. This issue has become of particular interest after the recent release of the Universal Definition of Myocardial Infarction 8 that states that a rise in cardiac troponin exceeding 3 times the 99th percentile of a normal reference population (upper reference limit, URL) should be labeled as PCI-related myocardial infarction.
The aim of the present study was to determine whether "isolated" (ie, not associated with a concomitant elevation in CK-MB levels) cardiac troponin I (cTnI) elevations after PCI are predictive of all-cause mortality at 2 years. This hypothesis was tested in a large population of patients enrolled in the CK-MB and PCI study. 7
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Methods Our investigation was designed as an ancillary analysis of the CK-MB and PCI study, 7 a prospective, multicenter, cohort study enrolling consecutive patients undergoing PCI in 16 Italian hospitals. Briefly, the CK-MB and PCI study evaluated the influence of postprocedural CK-MB elevations on 2-year all-cause mortality in a consecutive population of 3494 patients undergoing PCI. Patients with ST-segment elevation-myocardial infarction and those who refused to provide written informed consent were excluded from the study. Blood samples were to be drawn in each patient immediately before PCI (baseline) and at 12 and 24 hours after the procedure. Serum was stored at Ϫ70°C and subsequently shipped to the core biochemistry laboratory, where the biochemical markers of myocardial damage were measured. The patients' vital conditions were assessed at 6, 12, and 24 months by means of hospital visits or phone interviews.
Biochemical Analyses
Mass CK-MB and cTnI levels were measured using a Dimension RxL/HM analyzer (Dade Behring, Glasgow, Del). The URL for CK-MB was 5.0 ng/mL; the URL for cTnI was 0.15 ng/mL, which represented the 99th percentile of the distribution of a reference control group with an analytic imprecision of no more than 10%.
Study End Point
The outcome of interest was 2-year all-cause mortality, defined as the number of deaths that occurred from the time of the second blood sample up to 24 months thereafter. Mortality coding by specific cause was not available.
Patient Selection
The present study focused on the long-term prognostic implications of isolated elevations of cTnI levels. Therefore, this analysis was restricted to patients with (1) normal baseline values (ϽURL) of both cTnI and CK-MB; and (2) normal (ϽURL) post-PCI values of CK-MB. Thus, the selected population included patients with normal preprocedural and postprocedural cTnI values and patients with "isolated" (ie, not associated with concurrent CK-MB elevation) post-PCI cTnI elevation.
Statistical Analysis
We used SAS 9.2 release (SAS Institute, Cary, NC). We expressed the continuous variables as mean value (with interquartile range) and the categorical variables as proportions. The highest postprocedural cTnI value was used for analysis. We compared the characteristics of patients with and without cTnI Ͼ3ϫURL at entry by Student t test for continuous variables and the 2 test for proportions. Survival curves were estimated using the Kaplan-Meier product-limit method and compared by the Mantel (log-rank) test. 8 We used the Cox proportional hazards model, 9 counting the date of death or censoring, to assess the impact of prognostic factors on survival. In addition to a univariate analysis, we adjusted the relation between postprocedural cTnI and mortality for several other variables known to influence mortality in this population. These were age (years), history of diabetes (yes, no), previous coronary artery bypass graft surgery (yes, no), renal insufficiency (serum creatinine Ͼ2.0 md/dL) (yes, no), peripheral arterial disease (yes, no), multivessel disease (yes, no), and left ventricular ejection fraction (%). All these variables were included in the multivariate model. Postprocedural cTnI was included in the model as a dichotomous variable (Ͼ0. 15 [Ͼ1ϫURL] or Ͼ0.45 [Ͼ3ϫURL] ng/mL).
The degree of cTnI elevation was also estimated in terms of cTnI peak ratio, calculated by dividing the observed postprocedural level by 0.15 ng/mL (upper reference limit). The adjusted probability of death in relation to the cTnI peak ratio expressed as a continuous variable was estimated by a cubic spline function resulting from a multivariate logistic model. Probability values Ͻ0.05 were considered statistically significant.
Results
Of 3494 patients included in the CK-MB and PCI population, 7 2362 patients were selected for the present analysis. We excluded 669 patients with cTnI and/or CK-MB baseline levels ϾURL, and 463 patients with postprocedural CK-MB elevation. Follow-up data, including the survival status, were available for all patients (100%). The diagram for selection of patients is shown in Figure 1 . During the 2-year follow-up period, 73 patients (3.1%) died.
The main features of patients are shown in the Table. cTnI elevation Ͼ0.45 ng/mL (Ͼ3ϫURL) was associated with a worse risk profile at baseline. These patients were older (Pϭ0.0002) and more frequently affected by unstable angina (Pϭ0.02), chronic renal insufficiency (Pϭ0.02), multivessel disease (Pϭ0.01) and procedure (Pϭ0.0001), length of stenosis Ͼ20 mm (Pϭ0.04), and coronary thrombosis (Pϭ0.004). These patients also showed a longer fluoroscopy time (PϽ0.0001) and a higher rate of procedural complications (Pϭ0.02).
cTnI Elevation and Mortality
An isolated postprocedural cTnI elevation Ͼ0.15 ng/mL was observed in 932 patients (39.4%). Such elevation exceeded 0.45 ng/mL (Ͼ3ϫURL) in 467 patients (19.8%), being consistent with the diagnosis of periprocedural myocardial infarction. 10 Compared with patients with normal cTnI levels, those with cTnI elevation Ͼ0. 15 The event-free survival curves in patients with and without cTnI elevation Ͼ3ϫURL (0.45 ng/mL) are shown in Figure  2 . The cubic spline function reporting the relation between all-cause mortality and the cTnI peak ratio (ratio between the maximal observed cTnI value and the URL [0.15 ng/mL]) is reported in Figure 3 .
Discussion
The present study provides 2 novel findings. First, a definite rise of cTnI occurred after PCI in approximately 40% of patients with normal CK-MB values. These elevations were associated with features of high cardiovascular risk (more advanced age, unfavorable coronary anatomy, and concomitant renal failure). Second, a slightly increased risk of mortality was found in patients with cTnI elevation Ͼ0.45 ng/mL (Ͼ3ϫURL), and the survival curves appeared to progressively diverge over time, although the absolute levels of risk were relatively modest in the 2 groups. Such an increase, however, did not remain significant in the multivariate analysis after adjustment for associated baseline adverse risk factors. ‡A residual coronary lumen narrowing of Ͼ50% or a Thrombolysis in Myocardial Infarction grade flow of less than III in 1 attempted coronary lesion. 
Previous Studies
An association between postprocedural CK-MB elevation and the subsequent risk for cardiac complications, mainly mortality, has been found in several studies. [1] [2] [3] [4] [5] [6] [7] Such evidence, however, is still lacking for isolated elevations in cTnI, whose prognostic significance after PCI is controversial. 11 In a few studies, cTnI elevations occurring after PCI predicted an adverse outcome. 12, 13 However, these "positive" studies selected cTnI thresholds that were several times higher (ϫ10 and ϫ15) the URL of the analytic method used. 12, 13 Increasing the cTnI thresholds value to considerably above the URL led this cTnI elevation to be associated with a concomitant increase in CK-MB, thus leaving the issue of the prognostic significance of milder isolated cTnI elevations unaddressed. A few other studies addressed the issue of the prognostic value of isolated cTn elevation. A study by Prasad et al 14 showed that elevated cTnT after PCI was associated with an increased risk of mortality at 3 years in 1949 patients. The main differences between the Prasad study and the present one include (1) the diverse design (retrospective analysis of a single-center database versus post hoc analysis of a multicenter prospective study specifically designed to focus the relationship between elevation of biochemical marker of myocardial damage and mortality); (2) the exclusion criteria (none of our patients was excluded from analysis because of missing laboratory values and all of them had complete follow-up data); (3) the type of selected troponin (TnT versus the more widely used TnI); and (4) the cutoff value of the marker. In the study of Prasad et al, 15 the cutoff value for cTnT was 0.03 ng/mL, which is higher than the 99th percentile for their assay (Elecsys; Roche Diagnostics, Indianapolis, Ind). As a result, a consistent proportion of high-risk patients may have been included in that analysis, thus potentially conditioning the positive independent association with outcome. In a subsequent study, 15 the same group used a lower TnT cutoff (Ͻ0.01 ng/mL; 99th percentile) to define patients with isolated cTnT elevations. As a result, no significant excess risk of events emerged in these patients. 15 Finally, in a study by Natarajan et al, 16 isolated post-PCI cTn I release did not predict mortality at 1 year in 1128 patients.
Impact of Associated Clinical Features
In the present study, patients with cTnI elevation after PCI showed a higher frequency of clinical (advanced age, unstable angina, chronic renal insufficiency, and multivessel disease) and angiographic (complex coronary anatomy, long coronary lesions, and coronary thrombosis) adverse prognostic features. Because the HR for mortality slightly decreased from univariate to multivariate analysis, these data suggest that the slightly higher risk of mortality associated with higher cTnI levels might have been captured, at least in part, by the above high-risk clinical features. Another clue of the modest, if any, independent relation of cTnI with mortality came from the multivariate spline function (Figure 3 ), which did not support a progressively rising risk of death with the peak-cTnI ratio in this population. Therefore, these data confirm the concept previously reported 7 of the modest utility of measuring postprocedural troponin I levels in patients undergoing PCI.
Our findings are also consistent with a recent report from the Acute Catheterization and Urgent Intervention Triage Strategy (ACUITY) trial, a study conducted in patients with acute coronary syndrome, some of whom with elevated biomarkers at baseline. 17 In ACUITY, the association between periprocedural myocardial infarction and 1-year mortality was not significant after adjustment for age, diabetes mellitus, previous myocardial infarction, renal failure, ST-segment shift, and other cardiovascular risk factors. 17 Major strengths of our study are its prospective design and the large population of patients with "isolated" troponin elevation, to our knowledge the largest examined so far.
Limitations of the Study
Our analysis was restricted to a relatively "low-risk" subset of patients, with consequent potential attenuation of the power of our study to detect a significant relation between minor changes in cTnI levels and mortality. In addition, although the 2-year duration of follow-up allowed a reasonable estimate of the relation between cTnI and prognosis over a middle or long term, extrapolation of results to longer periods requires caution.
Applicability of Results
Because there are no established criteria for the diagnosis of postprocedural myonecrosis when cardiac cTnI levels are elevated before PCI, 10 we focused our analysis on a specific subset of patients with normal cTn level at baseline. Our conclusions are thus applicable to a well-defined patient population.
Conclusion
The present study suggests that isolated post-PCI elevations of cTnI, even when consistent with the Universal Definition of Myocardial Infarction, 10 has no independent impact on mortality at 2-year follow-up and therefore do not add relevant prognostic information beyond that offered by CK-MB. Overall, these data suggest that the treatment of these patients, including the policy for discharge from hospital after PCI, should not be solely guided by cardiac cTnI levels when CKMB is normal, but rather by an overall assessment of cardiovascular risk factors potentially conditioning outcome.
